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Axial-loadfatiguetestsat a stressratioof zerowereperformed
onnotchedandunnotchedsheetspecimensof61S-ti aluminumalloyand
347and403stainlesssteels.Specialemphasiswasplacedon testsat
highstresslevelswhichproducefailuresin smallnunibersof cycles.
Thestress-concentrationfactorseffectiveinfatigueofnotchedspeci-
menswerefoundtobe somewhatlessthanthetheoreticalelasticvalues
at lowstressesandwereapproximtel.yequalto oneat theultimate
strength.Theminimumlifetofailureat stressesneartheultimate
strengthwasdrasticallyreducedwithincreasingstress-concentration
factor.

INTRODUCTION

Theeqerhentaltivestigationreportedhereinwascarriedoutto
provideinformationon thefatiguepropertiesof61S-T6almdmmalloy,
annealed347stiinlesssteel,andheat-treated403stainlesssteel.
Unnotchedspecimensandspecimenscontainingnotchesweretestedunder
repeatedtensilestressesa+a stressratio(ratioofminimumstressto
maximumstress)of zerd. Sincea knowledgeoffatigueproperties’at
highstressesisusefulin somedesignproblems,thisinvestigation
in&ded testsinthisrange.

Theprimarypurposeofthispaperisto
tests.Somecomparisonswithotherworksre

Thematerialsusedtopreparespecimens
suppliedby Be13AircraftCompmy.

presenttheresultsof
alsoincluded.

forthisinvestigation

the

were
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2 NACATN3017

SYMBOLS

KF stress-concentrationfactoreffectiveinfatigue(ratioof
stressinanunnotchedspecimenat a givenlifetimeto
stressina notchedspecimenat samelifetime)

Kp plasticstress-concentrationfactor(ratioofmxdmumlocal
plasticstresstoaveragestressinnetsection)

KT theoreticalstress-concentrationfactor(ratioofmaximum
localelasticstresstoaveragestressinnetsection)

N cycles

R stressratio(ratioofminimumstresstomaximumstress)

s’ averagestressinnetsection

The61_s-IT6aluminum-alloymaterialusedinthepresenttestscame
tioma singlesheetk feetwide,12feetlong,and0.125inchthick.
Thesheetwaspaintedwithzincchromatetoprotectthesurfaceduring
specimenpreparation.Thesheetwascutintoblanksaccordingto the
layoutshowninfigure1 andeachblankwaslabeledas indicated.
Standardspecimens(ref.1) fortensileandcompressivestatictests
werecutfromblankstakenat randomfromthesheet.

Theannealed347stainless-steelmaterialalsocamefroma single
sheet3 feetwide,10feetlong,andO.O& inchthick,paintedwith
zincchromate.Thespecimenblankswerecutandlabeledas indicated
infigure2.

Theko3stainless-steelmaterialwascutfromtwosheets3 feet
tide,10feetlong,and0.050inchthick.Thesesheetswerecutinto

pieces7~by 17 or l$by 17as indicatedby theheavylinesinfig-

ure2 andwereheat-treatedtoRockwellC 40 to41by BellAircraft
company. Thelocationofthesepieceswithintheoriginalsheetswas
notavailable.Thepieceswere,therefore,arbitrarilynuniberedin
consecutiveorderandeachpiecewascutintospecimenblanks,as shown
by thelightlinesin figure2, toprovidenotchedandunnotchedspeci-
mens. Sincethematerialhadbecomewarpedduringheattreatment,
specimensweremachinedfromblankswhichwereselectedforminimum
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warpageorwithwarpedportionsremotefromthecentralportionof
thespecimen.Theeffectsofthewarpageon theresultsisdiscussed
mibsequently.

SPE2= PREPARATION

Thedimensionsof specimensusedinthisinvestigationaregivenin
figure3. The notchedspecimensares~lar to thosetestedatBattelle
MemorialInstitute(ref.2) andhaveelasticstress-concentrationfactors
~ equalto2and4 (ref.3).

As isknown,thetechniqueusedinspecimenpreparationcanhave
an importanteffectontheresultsoffatiguetests(seeref.4). The
followingexplanationoftheproceduresusedinpreparingspecimensfor
thisinvestigationisthereforegivenindetiil.i%general,thesepro-
ceduresarefelttohaveproducedlittleresidualstressinthemchined
surfaces,butno detailedstudiesweremadeto obtaina quantitativecheck.

Theunnotchedspecimenswereclsmpedin stacksabout1 inchthick
andmachinedina lathetoproducetheE?-inchradiusof curvatureat
theedges.Successivelylighterctitsweretakenwiththelasttwoor
threecutsremxdngabout0.0005inch. Thematerialwasrotatedat a
speedofapproximately30rpm.

Thenotchedspectiensweremachinedalongtheparalleledgesin
stacksandthenthenotchesweremachinedineachspecimenseparately.
Thespecimenwasmountedona cofiinationturn-tableandcross-slide
supportandthenotcheswerecutwitha millingcutterrotatingabout
an axisnormalto theplaneofthesheet.Millingtoolswithhelical
cuttingedgesand7/16-inchdismeterswereusedtocutthespecimens
whichhavea notchradiusof0.3175inch.Thecutterspeedwasconstant
at 1,500rpmfor61.s-T6aluminum-alloyspecimensandat 675rpmfor
stainless-steelspecimens.Veryslowmanualfeedswereused. Each
cutremoved0.0005inchorlessinthefinalstagesofmchining.The
sameprocedurewasusedfornotcheswitha radiusof 0.057inchexcept
thatcutterswithO.100-inchdiameterwereused.

Thesurfacesofallspecimenswereleftunpolished,butsharpedges
wereslightlyroundedby handwithfineemerypaper.Thepaperwasnmved
ina longitudinaldirectiontoleaveno trans=rsescratches.In the
caseofthe61S-T6notchedspecimens,theedgesinthenotcheswere
removedwitha padof steelwoolspinninginthejawsofa l/&inch
drill.Thespecimenwasheldagainstthispadwithveqylightpressure
sothatonlytheedgeswerecut. Theshsxpedgesofnotchesinstainless-
steelspecimenswereremovedwithemerypaperrolledintoa smallcylinder
androtatedby hand.
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FATIGUETESTINGPROCEDURE

Allspecimensweretestedunderaxialloadata stressratioof
zero. Threetypesdf testingmchineswereusedto coverthecomplete
rangeoftheS-Ncurves.

Mostof thetestswereperformedinsubresonantfatiguetesting
machineswithcapacitiesof 20,000pounds.Thesemachinesandthe
associatedloadmeasuringapparatusaredescribedindetailinrefer-
ence5. Theprobableerroroftheloadmeasuringapparatusisapproxi-
mately1 percent.Frequentmonitoringrevealedthattheloadsrarely
changedasmuchas 3 percentduringanygiventest.

Testsin whichfailureoccurredinlessthan10,CW cycleswere
impracticaltoperformwiththesefatiguetestingmachinesbecauseof
thetrial-and-errorprocedurerequiredto starteachtest. Consequently,
a machinehydraulicallyoperatedat 18ocpmwasusedfortestsinwhich
failurewasexpectedto occurin300to10,000cycles.Testsinwhich
failurewasexpectedtooccurinlessthan”500cycleswereperfomnedin
statictestingmachineswhichweremanuallycontrolledtoapplyloadsat
appro~tely 2 cpm.

.
Allspecimensexceptthosetestedinstatictesttigmachineswere

clampedwithinguideplatessimilartothosedescribedpreviously
(refs.5-6). Forallspecimenstestedat stresslevelshigherthan
theyieldstrengthofthematerial,thefirstcycleofloadwasapplied
manuallytoproducetheplasticdeformationcorrespondingtothatload.
Thisproceduresimplifiedthemaintenanceofthedesiredmeanloadat
thes-&rtofeach~f thesetests.

TESTRESULTSANDDISCUSSION

StaticTests

Theresultsof statictensileandcompressive
testcouponsarepresentedintableI. The61_s-T6

testson standard
aluminum-alloym9te-

rialhadpropertiesexceedhgtheminim.unmechanicalpropertieslisted
intable3.llL(f)ofreference7. The347stainless-steelmaterialhad
propertiesexceedingthoselistedintible2.ill(c)ofreference7.
Stress-straincurvesforeachmaterialwereobtainedbyaveragingfour
autographicallyrecordedcurvesandarepresentedinfigure4.

i
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StaticTestsofFatigueSpecimens

Resultsof statictensiletestsof eachtypeoffatiguespecimen
areincludedintiblesIIto IVandfigures5 to 7. Thedifferencesbetween
staticstrengthsofnotchedandunno$chedspecimens@e ofthesamemate-
rialappeartobe outsidetherangeofprobableerrorinthetests.In
allbutonecase(347stainless-steelmaterialwith KT = 4) thenotched
specimenshadgreaterstaticstrengthsthantheunnotchedspecimensmade
of thesamematerial.Theincreasedstrengthinnotchedspecimenscan
be consideredtobe duetothedevelopmentofa multiaxialtensilestress
which,ineffect,reducesthemsximumshearstressandthusretards
fracture;however,thepresentknowledgeof staticstrengthofnotched
partsdoesnotpermitquantitativepredictions.

FatigueTests

me restitsoffatiguetestson 61S-T6~UminUm-aILOYspecimensare
givenintableIIandareplottedintheformofS-Ncurvesinfigure5.
Similarly,thedatafor347and403stainless-steelspechenssregiven
intablesIIIandIVandareplottedinfigures6 and7, respectively.
Inthepresentationofdata,no distinctionismadeamongunnotched
specimensfailingwithinthemiddleinchofthespecimen.Inthisregion
thestressesarewithin3 percentofthestresswhichoccursatthemini-
mumsection.Unnotchedspecimensoccasionallyfailedat sectionssome-
whatmoreremovedfromthemiddleofthespecimen.Sincestressesat these
sectionsweredefinitelyoutoftherangeofpossiblevariationsinapplied
stresses,thespecimenswhichfailedoutsidethemiddleinchareidentified
inthetablesandfigures.

Inthewarped403stainless-steelspecimenstheminimumradiusof
curvatureof thesheetsurface,asmeasuredby a curvaturegagewitha
5-inchgagelength,was50inches;thus,themaximumstressresulting
fromclampingthespectinsbetweenflatplateswasapproximately15ksi.
Thisstress,however,usuallyoccurredinsectionsremotefromthecentral
portionofthespecimens.Wherea curvatureappearedat thecritical
section,ord.y30percentofthespecimensdevelopedinitialfatiguecracks
onthesideofthespecimenwherethebendingstresswastensile.These
observationsleadtotheconclusionthatthestressesduetobendingdid
notaffecttheresultssignificantly.

MinimumLifeatHighStresses

Tntestsonunnotchedspecimensthosewhichsurvived1 cycleof
loadneartheultimatetensilestrengthwerefoundtowithstandapproxi-
mately1~ cyclesofthatloadbeforefailureoccurred.TheS-Ncurves
(figs.4 to6) are,therefore,showndashedbetweenthisminimumlife

.—..—— -- —--- -—- _.—
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and1/2cycle.
steelmaterial

An exceptionappearsinthetestsof the%7 stainless-
wherefourfailuresoccurredbetween100and103cycles.

Thisobservationofminimumlifeto failureinunnotchedspectiens
appearstobe consistentwithmosttestspreviouslyreported.

Forspectienscontainingnotcheswithan elasticstress-concentration
factorq of2,thosesurviving1 cycleof loadusuallysurvivedapproxi-

mately103cyclesbeforefailure.Similerlyjspecimenscontainingnotches
with & = 4 generallysurvived100cyclesbeforefailureiftheysurvived
thefirstcycle.Thus,theminimumlifewasreducedby a factorof 10 each
t3methetheoretic=stress-concentrationfactorwasdoubled.No wayof
predictingthisbehaviorisapparentatpresent.Thesameratiosof cycles
to failurearefoundto existforstressesinthevicinityoftwo-thirds
oftheultimatestrength.

FatigueStress-ConcentrationFactors

At lowerstressestheS-Ncurvesforunnotchedspecimensandspecim-
ens containingnotchesappeartobe roughlyparallel.Fatiguestress-
concentrationfactorsKF havebeencomputedbydividingthestressin
anunnotchedspecimenby thenominalstressina notchedspecimenwhich .

failedinthesamenuniberof cycles.Thesefactorsareplottedagainst
msxbumaveragestressinthenetsectionsinfigures8, 9,and10 for
thethreematerials.In eachcasethecurvefor KF is seentohavea
nmdnnnnvs.luelessthm @ forlowstressesandprogressivelylower
valuesforhigherstresses.Thedifferencesbetween~ andthemxi-
mumvalueof I@ mybe expectedtobe dueto sizeeffect(ref.8).
Since,however,currentpredictionsforsizeeffectinfatigueare
restrictedto completelyreversedstresscases,nopredictionofthe
magnitudeofthemaxkmmnvalueof KY ispossibleat thistime.

Previouswork(refs.3, 9, and10)hasshownthatplasticdeforma-
tionreducestheseveri~of stressconcentrationduringthefirstload
applicationandthatthemagnitudeoftheplasticstress-concentration
factorsKp canbe predictedas longasthestrainsaresmall.Griffith
(ref.9)hasalsoshownthat,at leastduringthefirst100cyclesof a
loadwhichproducesplasticdeformationsata discontinuity,thelocal
strainsandstressesoscillatebetweenthevaluesobservedattheendof
thefirst1/2cycleandattheendoftheunloadingpartofthefirst
cycle.

.

Ifthelocalstressesinnotchedspecimensareassumedtoremain
unchangedthroughouta fatiguetestandareassumedtoproducefatigue
failuresinthesamenunberof cyclesas do stressesofthesamemagnitude



NACATN3017 7

inunnotchedspecimens,thenthecurves
tobe equivalent.Thedashedcurvesin

of KF and Kp wouldbe expected
figures8 to10representthe

curvesfor Kp whichwerecalculatedfor~achofthenotc~edspectiens
by useofthestress-straincurvesappropriateforeachmaterialandthe
methoddescribedinreference3.

Forthe61S-T6aluminum-alloymaterial(fig.8)thecurveof KF
liesbelowthecurvefor Kp intheregionof stresseslessthanabout
15ksifor @ = k and28ksiforthe ~ = 2 configurations.These
stresslevelscorrespondtoapproximately7 x ld cyclestofailure(see
fig.k) andthislifeisapproximatelytheminimumlifeofunnotched
specimenswhichfailedunderrepeatedstress.Forhigherstressesthe
curvesof KF and Kp areinfairagreement.Theagreementathigh
stresses,however,doesnotpermittheuseof thecurveof Kp inthe
predictionoftheS-Ncurvesfornotchedspecimensinasmuchas itoccurs
ina regionwheretheS-Ncurvesforunnotchedspecimensarehorizontal.

In thecaseof the347stainless-steel material(fig.9)thecurves
of KF lieabovethecurvesfor Kp forallstresslevels.Thislack
ofagreementisprobablyduetothefactthattheendurancelimitfor
unnotchedspecimens(55ksi)isapproximately20percenthi&er thanthe

yieldstrength(45.6ksi) andcorrespondstoapproximately#=percent

strainonthetensilestress-straincurveforthematerial.Sincesuch
largeplasticdeformationsareexperiencedbeforeanyfailureoccursby
fatigue,a relationbetweenfatiguestress-concentrationfactorsandthe
originalstress-strainpropertiesofthematerialprobablycannotbe
expected.

ThecomparisonbetweenKF and Kp forthe403stainless-steel
material(fig.10)issimsLartothatforthe61.s-T6aluminum-~oymate-
rialasdiscussedpreviously.

CONCLUDINGREMARKS

Sheetspecimenscontainingno notchesornotcheswiththeoretical
stress-concentrationfactors~ of2 and4 andmadeof61_s-T6aIuminum
alloy,annealed347stainlesssteel,andheat-treated403 stainless steel
havebeentestedunderaxialloadata stiessratioof zero. Theresults
indicatethatfailuresinunnotchedspecimensmibjectedtorepeatedstresses
nesrtheultimatestrengthoccurredinroughlyld cycles;innotched
specimenswith ~ = 2 failureoccurredinaboutl@ cycles;andin
notchedspecimenswith I@= k failureoccurredinabout100cycles.

— — . ..—— —— .——..——-— -—
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h thersmgeof stresswherefailureoccurredby fatigue,theeffec-
tivestress-concentrationfactorKF decreasedfroma msximumvsluesome-
whatlessthanthetheoreticalfactorat lowstressesto a tiimumwd.ue .
approachingorlessthanoneatthestaticfallingstress.A comparison
betweenKF andplasticstress-concentrationfactorsKp revealedthat
titiecasesoftie61S-T6aIuminum-au_Oymaterial - tie 403 sta~ess-
steel material thevalueswereapproximatelythessmeathighstresses
butinthecaseofthe347stainless-steelmaterialthereappearstobe
no correlationbetweenthetwofactors.

LangleyAeronauticalLaboratory,
NationalAdtisoryCommitteeforAeronautics,

-w meld,Va., June23, 1953.

.

.
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TABLEI.- TEi’KUEMO COKERESSIVEPROPERTIH OF MATERIAM TES~

Ulthate TenBileyiela Elongation Corapre6sive

Material tensile dmngth yieldstren~
strength, (offset= 0.2 ‘:r&nps ‘ (offBet= 0.2

kai percent),kBi percent),ksi

6u+T% dumimnnmoy
47.0 42.o 17 42.8
%2.0 q-6.o blo 853.0

347 stainlesssteel
43.6 61 29.9

%: C30.O C35,o

403stainlesssteel 19.0 lm.o 8 160.8

aValuesobtainedfromtable3.lll(f) in ref. 7.

bValueobtainedfrom table58 in ref. 1-1.

~alues obtdned from table2.lll(c) in ref. 7.
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. !cADLEII.-FATIGUETESTRESULTSFOR6LS-W5mmllmumm m!mmX_!

UNDERDIRECTSTREEHATR=O

(a)Unnotchedsheetspecimens

Msximmdress, Fatiguelife,@ctin Speed,
kai cycles .W

Remarks

DIBIO 47 y3,Cxxl l,m
DlB4 47 %,m 1,800
DIJ?45 46.4
DIB46 46.3

Statictesttofailure
27,269 180

DIB39 46.2
DIB16 46

Statictesttofailure
62,000 1,803

DIB28 46 70,000 1,800
DIB9 45 X,ooo ;,&&
DIB2? 45 89,000
DlB47 40 91,W l;WI
DlB3 40 lm,ooo l,m Failed0.05in.outofmiddleinch

Dl@tO 40 ly?,coo l,W
DIB35 35 121,cx)ol,l?uo
DIB29 35 25T,~ 1,800 Failed0.30In.outofmiddleinch
DIB33 33 555,000 1,800
DIB15 30 270,w l,E!OOl%iled0.55in.outofmiddleinch

Dl1344 30 281,000 1,8CKI
DIB38 30 422,@xl 1,8CQ Failed0.65in.outofmiddleinch
DlB23 30 542,WI0 1,800
DIB9 30 549>~ :X& Failed1.00in.outofmiddleInch
DIB20 30 575,000 , Failed0.45in.outofmiddleinch

D@+l 30 1,169,@3 l,m
DIB26 30 l,mg,m 1,803
DlB31 28 u,346,~ l,euo
DlB13 28 41,182,W0 1,W3
DIB37 27 325,0~ 1,EW3

DIB43 27 1,331,000 l,E!OO
DIB27 25 403,m l,W Failed0.76In.outofmiddleinch
DlR2 25 l,064,m l,Oxl Failed0.55In.outofmiddletich

25 8a,719,0001,8Q0
:% 25 89,u?2,m l,eoo
DIB14 25 g2,8ce,m 1,w Didnotfail

——— .—— —-. .-.
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TA13LEII.-FATIGUETEST~ FOR61s-%AWMINUM-ALLCMMATERIAL

UND~D_STRE3SATR=0 -Continued

(b)Notchedsheetspecimens,I@= 2

SpecimenMaximumstress,Fatiguelife, Speed,
kai cycles Cpm Remnrks

DIA6 49.9 Statictesttofailure
D1C47 48.6 St9tictesttofailure
Dl@Il 48.5 Statictesttofailure
D1.A42 48.5 642 180
DIC~ 48.5 3,63 180

DIA~ 3,127 180
DIA~ :; 4,682 180
DIA48 45 6,550 180
DIA~ 45 7,195
DIA28 42 10,ga!3 180

Dm6 40 7,000 ;,&&l
DIA45 40 8,cm0
DlA13 40 12,000 1;800
DICfi 35 23,~ 1,m
DIA27 35 25,000 l,&Kl

DIC~ 30,0U0 1,8CQ
DIA39 ;2 4J0& 1,800
D1C42 30 l,EKXI
D1C12 30 M4;OCQ 1,800
D1C24 25 101,m 1,800

DIAIO 25 136,(%8 lM
DlA15 25 160,a)o l,E!UO
DIA31 25 281,0001,8(xI
DIA25 20 336,~ 1,~
D= 20 1,136,cca l,m

20 l,314,cXXl1,800
%% 18 tig,m 1,800 Failedatsurfaceflawnearnotch
DlA18 18 4g,0& 1,80Q
DlA19 18 1,800
DIA14 18 764:(XX)1,800

DIA8 16 721,0CCly?&l
DIA7 16 10,487,(HxI
DIA37 16 12,010,m 1;800
DIA41 14 23,008,000 l,WO
D1C32 14 30,679,0W 1,8W
W6 14 49,2~,000 1,800
DIA20 IL8 65,730,000 l,m Didnotfail

.
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TABLEIl.- FATIGUETESTRESULTS~ 6is-,y6mmmmmwmmmnum

UNDERDIRECTSTREW m R = O - Concluded

(c)Notchedsheetspecimens,~ = 4

Specimen

D1C2
D1c26
D1C15
D1C14
D1C19

D1C29
DIA9
DIA4-4
DICll
D1C27

DIA4
D1C33
D1C22
D1C31
D1C37

D1C3
D1C45
D1C39
D1C5
DIA3

D1c23
DIA2
DIC1
D1C35
D1C7

D1C8
D1C13
D1c25

Msximumdregs,
ksi

49.5
49.1
47
45
45

42.5
5.5

40
35

35
30
30
25
25

25
20
20
15
15

15
12
10
10
8

Fatiguelife,
cycles

195
39
69)

3&3
525
657
688

1,410

2,235
2,700
3,735
6,157
6,489

6,765
20,000
22,000
74,271

108,OCQ

$;;%
424,ooo
429,000

26,535,000

30,468,000
$%,481,ooo

103,261,cwo

Speed,
Cpm Remarks

2
180
180

18o
180
180
180
180

180
180
180
180
180

180
1,8c0
1,800

18o
1,8C0

I,&xl
l,8c0
1,800
1,800
1,8m

1,800
1,8U0
1,8C0

Statictestto failure
Statictestto failure

Dillnotfail
Didnotfail

— —. ——
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TABLEIII.-FATIGUETFSTRISUMEIFCR347

TJKOERDIRECTSIRFSSAT

NACATN 3017

smnw!ss-smmMMZRIAL

R=O

(a)Unnotchedsheetspec~

Fatiguelife,
cycles

403
675
263
740

9>363
12,$o
~,418
ga,ocxl
49,340

45,c00
72,000
113,000
13,0X)
168,mo

2@,ooo
2ti,ooo
233,CXM
478,m
697,cm)

;7~

53,543,~
59,529,~

$:%;%
36,08’7,W

Speed
VP

leo
180
180
180

IB3
180
180

l,WI
184)

1,8-W
l,aoo
1,800
l,em
l,ei)o

l,mo
1,800
1,800
1,800
1,8CX)

1,800
1,W3
,1,803
1, &xl
1,800
1,8CX)
1, Wo

Remarks

Statictesttofailure

Failed0.75h. outofmiddleinch

Failed1.40in.outofmiddle

wiled0.60in.outofmi~e
Didnotfail
Md notfail
Didnotfail
Didnotfail
Didnotfail

inch

inch

—
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TABLEIII.-FATIGUETESTRESUILTSFOR347STAINLE3S-STEELMATERIAL

UNDERDIR.WTSTRICSSATR= O-Continued

(b)Notchedsheetspecimens,KT = 2

Specimen

RJQ.8
~Al~
m13
RA17
KIDg

ICI&lo
EUJ6
ElA14
ELc14

JIu4
IIZC9
mA8
~All
mo8~

Inm_6
mc7
mc3
mcl
Iu25

mD20

lzlD24
mA6
EID1.zl

Elc5
EIA3
IIM7
mA26
mc28

Maximm stress,
ksi

97
9s.2
%.5
90
85

85
85

E
75

75
70

g

60
55
55
50
50

G
45

::

ko
39
38

.;;

Fatiguelife,
cycles

l,ag
82

2,603
5,195
6,091
9,263
9,651.

12.660
13;556
15,207
27,000
18,000

35,0~
50,000
*YOOO
84,000
%,236

98,000
121,000
177,000
424,ax)
624,cx)0

%8,000
44,939,000
56,027,0w
65,985,000
57,692,~

Speed,
Cpm

2
180

180
180
180
180
180

180
180
180

1,800
1,800

1,800
1,800
1,8cQ
1,800

180

1,800
1,800
1,800
1,800
1,800

1,800
1,800
1,m
1,800
1,8m

Remarks

Statictestto failure
Statictestto failure
Statictestto failure

Didhotfail
Didnotfail
Didnotfail
Didnotfail

‘i@A<A~

— —.—— ———— .—. .-..—._ .- -.
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lC/EKJIIII. - I?M!XXJIZ!lZSI’RISOEMFOR347~ESS-STEEL MATliRIl&

tlltDmDIRIZO1!SIT@S&12R= O-Concluded

(c) Notchedsheetspecimens,@ = 4

SpecimenMe.xhm stress, I?atiguelife, Speai,
hi cycles RemarkE

mlu5 85.5 Statictesttofailure
E1.c23 85.25 Statictesttofailure
IILC8 83 36 2
El@! 83 % 2
~c27 80 100 2

ElA24 80 g: 180
Elc24 70 180
W3 70 1,375 180
nc26 65 I,689 180
ELm 65 1,910 180

m17 60 2,245 180
.ELCa 60 3,014 180
IILC18 I.l,ooo 1,m
Elc15 $ 12,0w 1,8+30
EID5 40 17,367 180 0

IIu5 40 40,m 1,800
n~-1 40 48,mo 1,800
Elc6 w 160,O(XI 1,800

217,000 1,800
mc25 % 214,000 1,800

ELA9 28 20,054,000 1,800 Didnotfail
ELC22 27 20,779,CQo 1,800 Didnotfail
l!lclg 26 %,272,000 1,800 Didnotfail
Ellllg 24 @t,052,000 I,800 Didnotfail
ElA27 20 X>l%,000 1,800 Didnotfail
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TABT.IEIV.-FATIGUETESTRESULTSFOR403STAINLESS-STEELMWIYW%L

UNDIIRDIRJWTSTRliWATR=O

(a)Unnotchedsheetspecimens

17

specimenMmd.mumdxess, Fatigue life, Speed,
kai cycles Cpm Remarks

FIA30 1*.6 Static testtafailure
ml 185 15 180
Flc19 X32 9,720 180
FIDlg 182 9,915 180
F2C2 180 4,750 180

180 8,418 180
FIB14 170 14,619 180
FlD18 160 31,0W3 1,800
m5 160 38,OCU :,&J&
l?Lc15 1P 51,CCKl ,

FIB19 19 52,m 1,800 -
FJA28 140 48,0(x3 1,890 Failed0.20in.outofmiddleinch

140 69,000 1,800
FlA19 140 72,003 l,EW
KI.C8 ly3 74,m 1,800

FIB28 130 97,000 1,800
FlB2 MO 85,w0 l,Ekxl
Flcg 1.20 132,000 1,8Q0
FlB20 I.lo M30,mo l,E!OO
Flc!ll I.lo 343,m 1,800 FailedO.~ in.outofmiddleinch

~18 no *9,0CQ 1,800
105 335,000 ;@&

FlC29 105 855,m
FM; 103 tig,030 l,E!Oo

103 283,000 l,W

FIB3 102 14g,m 1,800
Flc5

Failedatsurfaceflaw
100 420,~0 1,800

FIB16 100 33,m,~ l,WI
FlB7

Didnotfail
9 35,540,m l,m Did-notfail

— ——. __. ——__— .—. ._— ._ ——
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TABLEm.- FATIGUETESTRESULTSFOR403STKUTLESS-STEELMATERIAL

UNDERDIRECTSTRlZ3SAT R = O - Concluded

(b)Notchedsheetspecimens,~ = 2

5pecimen

mA33
Flc24
I?IB4
FIB17
FIB31

I?IB13
nc23
FlD15
ml
FIBll

FXM_2
F1C3
FIA32
FlD5

FIA8
F1C6
F1C16
FIA25
FlD13

FIA3
FI_c28
F1C31
FID8
FIA6
FlD14
FID7

stress,
ksi

207
195
175
150
135

120 .
llo
100

%

70
65
62.5
60

?atiguelife,Speed,
cycles

TL6
834

3,232
6,648

2k,000
23,000
37,0~
~,ooo
83,cQ0

170,mo
284,000
21L8,000

22,236,000

I

I 2
l=’

180
180

I

,1,800
,1,800
1,8Q0
1,800
1,800

1,800
1,800
1,800
1,800

Remarks

statictestto failure

(c)Notchedsheetspecimens,~ = 4

Maximumdress,
ksi

204
200
180
160
140

120
100
80

?:
38
35

FatigueI.ife,
cycles

19
129
252
9=

1,903
3,667

14,0U0
89,000

10,644,000
1,798,003

41,709,CK)0

Speed,
cpm I Remarks

]Statictesttofailure
2
2
2

180

180
180

1,800
I,800
1,800
1,800
1;800I Did not fail

.
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feetby U feet.
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Figure 2.- Sheet@rout for 347
Sheetsize,3 feet

stainless-steel
by 10 feet,

material,
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(a) Unnotched.

Figure

-t
12 rod, I

T
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(b) ~=z2.

3,-Specimencotilguratiom. (AU-dirasnslonsare in inches.)
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Stress,
ksi
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Figurek.-

/
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I

403 StainlessSteel

.004 .006
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stress-straincurvesfor

.008 .0[0

materialsused.



,,
I

I
I

I

60 :

50 .——. —— —--—

w ——. —____ .- —

40’

Moxlmum stress,

ksi 30

.—.
L

~ Specimen did not foil

+]

(1 ‘(811 1,, ,, 1 1,, ,, It, ,, 1,, ,, 1,, ,, {,, ,, 1,, ,

-&o-l I 101 102 103 104 I(Y 106 107 108

Figure5.- Resultsof

Number of cycles to follure

fatigue tests on 618-!l16.aM_nninmallwspecimens
underaxielloadat R = O.
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Number of cycles to failure

Fi~e 6.- Resultsof fatiguetestson 347 stainless-steelapeclmena
underaxialload at R . 0.
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Maximum stress,

ksi
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1800 180 2

80

40
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Unnotched

KT= 2

KT= 4
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middle inch

II
!-9 Specimen did not fail I I

o
1,, , 14, ,, l,, ,! 1,s,8 1,, ,, If, ,, I,L

4XK)-I I ,01 ,02 ,.3 ,04 105
Number of cycles to failure

1,, ,, 11!!!

107 108

F&we 7.- Resultsof fatiguetestson 403 stainless-steelspecimens
under dalloadat R.O. *
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Figure8.- Variationin KF for teBtson 61.s-T6.Oxninum-allqspeciwna.
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Figme 9.- Veriationin KF for testson 347 stainless-steelapeclnEnE.

1( )



5

Str.eaa-cmentrotkm
factor

k-- I
‘\ I

— KP

— KF

\

.— ----- .-—

I
I

v~’ \
-..------%..

For cpsdmem wlih KT u 2

- _

T

o 40 80 120 160 203

Mmhum strws,, kd

Figure10.- Variationin ~ for testson 403 stainless-eteelspecimsnE.


